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Organic compounds composed of only carbon and 
hydrogen are known as hydrocarbons. 
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General fonnula C11H2n + 2 
Due to inertness known as paraffins . 
Only C - C and C - H single bonds are present. 
All carbons are sp3 hybridised . 

Isomerism 
" Structural isomerism : Alkanes exhibit only chain 

isomerism.Methane, Ethane, Propane do not exhibit 
isomerism. 

No. of possible isomers 2 3 5 9 18 

Conformations 
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The different mTangement of atoms in space that results 
from free rotation of groups about C - C bond axis are 
called conformational isomers or rotational isomers and this 
phenomenon as confonnational or rotational isomerism. 
Fully eclipsed conformation : In this fonn the bigger 
atoms are nearest to each other. These conformers have 
maximum energy and minimum stability. 
Staggered form : In this form the bigger atoms are 
farthest to each other. These confonners have minimum 
energy and maximum stability. 
Gauche or skew : Rotation between 0° to 60° generates 
one of the many arrangements in between staggered and 
eclipsed forms. These arrangements are called Gauche 
or skew form. 
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Sawhorse Projection 
" Itis a view of molecule down a particular C-C bond, and 

groups connected to both the front and back carbons are 
drawn using sticks at 120° angle. The left-hand bottom end 
of this locates atoms nearer to the observer and right-hand 
top end atoms that is further away. iH 2H .H }H H --H 
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Newman Projection 

Staggered form Gauche or skew form 

• In Newman projection, the two carbon atoms fonning 
the a-bond are represented by two circles, one behind the 
other, so that only front carbon is seen. The hydroge.n atoms 
attached to the front carbon are shown by the bonds from 
the centre of the circle while the atoms attached to the back 
carbon are shown by the bonds from the circumference. 
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Conformations of Ethane (CH3 - CH3) 
• An infinite number of conformations (relative arrangement 

of hydrogen atoms) are possible for ethane, if one of the 
methyl groups is rotated along the C -C axis keeping the 
rest of molecule undisturbed. 
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Eclipsed conformation : In this conformation rotation 
about C - C single bond is by an angle such that 
hydrogen atoms of front carbon atom completely cover or 
eclipse the hydrogen atom ofrcar carbon atom i.e. , only 
three hydrogen atoms of front carbon are visible. This 
conformation is most unstable. 
Staggered conformation : In this con±ormation rotation 
about C � C single bond is by an angle so that hydrogen 
atoms of two carbon atoms are at maximum distance from 
each other making it stable by 2.9 kcal/mol as compared 
to eclipsed conformation. 



Hydrocarbons 

.. Skew conformation : The infinite number of possible 
intennediate conformations between the two extreme 
confonnations ( eclipsed and staggered) are referred to as 
skew conformations. 
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Fig. : Degree of rotation from the staggered form and 
energy of the molecule of ethane. 

Methods of Preparation 
• Hydrogenation of unsaturated hydrocarbons (Sabatier 

and Senderen's reactions) : The method involves the 
reduction of unsaturated hydrocarbons (alkenes and 
alkynes) with nickel catalyst. Raney nickel is more reactive 
than supported nickel catalyst. 

Ni 
RCH = CH2 + H2 200_3000c RCH2CH3 

Alkene Alkane 
Pt or Pd can also be used as catalyst for above reactions. 
This method cannot be used for the preparation of methane 
CH4 • 

"' Reduction of a lkyl h alides : Alkyl halides can be 
reduced with zinc and acetic acid or zinc-copper couple 
in ethanol. 

RX+ 2H Zn - AcOH RH + HX  
Zn - Cu/EtOH 

Order of reactivity of different alkyl halides is 
R - I > R - Br > R - Cl > R - F 

Reduction can also be carried out by LiA1H4 . 

1 ° and 2° alkyl halides are readily reduced by LiAJH4 but 
3° halides give mainly alkenes . 
NaBH4 reduces 2° and 3° halides but not 1 ° halide. 
Alkyl iodides are conveniently reduced to alkane by 
heating with red phosphorus and HI. 

Red P 
R - I + HI --+ R - H + I2 

• Reduction of alcohols, aldehydes, ketones, fatty acids 
and their derivatives : On heating with HI and red P at 
425 K in a sealed tube, alcohols, aldehydes, ketones and 
acids get reduced to alkanes. 
ROH + 2HI Red P RH + Hp + I2 

RCHO + 4HI Red P RCH
3 

+ Hp +  21
2 

Aldehydes and ketones can be reduced by other alternative 
methods also. 
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Clemmensen reduction : In this method aldehydes and 
ketones are reduced 1,vith Zn - Hg aL."1.algam and cone. HCl. 

RCHO + 4H 
Zn - Hg/HCI RCH3 + Hp 

RCOR + 4H 
Zn - Hg/HCI R - CH, - R + H,O 

Wolff-Ki.shner reduction : In this method aldehydes 
and ketones are reduced with hydrazine. (NHi-:NH2) and 
KOH. 

R C
I

H
3 NH2 - NH2 R - C - CH3 ----. R - C = NNHz lKOH/glycol 

or C1H,ONa 

R - CH
2 

- CH
3 

+ N2 

Mozingo method : In this method, the carbonyl compound 
is  converted into its dithioacetal or ketal using ethanedithi.ol 
in the presence of a Lewis acid. Dithioacetal is then 
hydrogenated over Raney nickel. 

R> CH2SH Et,O' - BF3
-

C= o + 1 -----
R CHzSH 

Decomposition of Grignard reagent : Grignard reagent 
(RMgX), an organometallic compound on reaction with active 
hydrogen (hydrogen attached to strongly electronegative 
atom like 0, N, S or F) compounds like HOH, ROH, 
RNH2, RCOOH, RC ""' CH, etc .  decompose to give alkane 
corresponding to alkyl group of Grignard reagent. 

RX + Mg 
dry ether RMgX 

Alkyl halide Grignard reagent 
H20 <X 

.----+ RH + Mg · 
OH 

C,H,OH 
� RH + Mg ,......

X 

' OC,H, 

R'COOH RH + M <X 
g_ OOCR' 

Wurtz reaction : In this reaction ether solution of alkyl 
halide is treated with sodium to fom1 alkane. 

dry ether 
R - X + 2Na + X - R  ---+ R - R + 2NaX 
This method is useful with single type of alkyl halide. 
If two different alkyl halides are used a mixture of three 
different alkanes is obtained. For example, 

CH
3

- CH
3 



• FrankJand reaction : This is similar to Wurtz reaction 
with the difference that instead of sodium, zinc is used 
here in inert solvent. 

R fx+ zn + x +R - R - R + ZnX2 

• Corey - House synthesis : It is a better reaction for 
coupling two different types of alkyl halides together to 
fonn alkanes with either even or odd number of carbon 
atoms. 

2R - X � 2R - Li � R2CuLi + Lil Ether 
Alkyl halide Lithium diall7l 

cuprate 

R2CuLi + R' - X  - R - R' + RCu + LiX 

• Kolbe's electrolytic method : In this method a concentrated 
solution of sodium or potassium salt of a carboxylic acid 
is electrolysed to give higher alk:anes .  

Electrolysis RCOOK + RCOOK -----+ R - R + 2CO 2 + H2 + 2KOH 
• Hydroboration of alkenes : In this reaction diborane 

(B2H6) adds to an olefinic bond forming trialkyl borane 
which on treatment with acetic acid or prop ionic acid yield 
corresponding alk:ane. 

B2H6 R - CH == CH2 - (RCH2 - CH2 -)3B 
Alkene 

Physical Properties 

Tria!J...71 borane 1CH3COOH 
1-r 

3RCHz - CH3 
Alkanc 

11 State : C 1 - C4 odourless, colourless gases 
C5 - C 17 odourless, colourless liquids 
C1 8  onward odourless, colourless solids 

• Density : Increases very slowly with increase in molecular 
mass . 

• Solubility : Insoluble in polar solvents, soluble in non­
polar solvents. 

• Boiling points : Boiling point of normal alk:anes increases 
regularly with number of carbon atoms. 
Normal isomers have higher boiling point than the 
branched chain isomer. Greater the branching, lower vvill 
be the boiling point. 

" Melting points : Alkanes with even number of C-atoms 
have higher m.pt. than the last lower and next higher alkane 
having odd m;mber of C-atoms. 

Chemical Properties 
• Halogenation : Replacement of hydrogen of an alkane 

with halo gen by reacting alkane with hal ogen in 
presence of sunlight or at elevated temperature is called 
halogenation . 

Cl Cl2 
Cl2 

CH i C�Cl -�- CHzClz -h,-·1.-- H-c-1+ CHl Cl3 4 hu, -HCL hu, - HCI s 

Cl2 lrn, -HCl 

CC14 

Mechanism 
• A reaction taking place in sunlight or in presence of peroxide 

or at high temperature always follows free radical mechanism. 
In this reaction hydrogen is substituted by halogen, thus it 
is a free-radical substitution reaction: For illustrating the 
mechanism, let us consider the chlorination of methane. 
)- Chain initiation step : 

Cl - Cl � 2C( 
)- Chain propagation step : 

CH4 + c1· - cH; + H - Cl 
CH; + Cl - Cl -- CH3CI + Cf . . . . .  and so on. 

)- Chain terminating step : 
ci'+ c( - c12 

CH; + Cl
° 

- CH3Cl 
CH; + CH; --+ CH3 - CH3 

'" Finkelstein reaction : Iodoalkanes can be conveniently 
prepared by treating alk--yl chloride or bromides with 
sodium iodide in acetone or methanol. This is known as 
Finkelstein reaction. 

CH3Cl + Nal 
Acetone CH3I + NaCl 

• Reactivity and Selectivity : For a particular type of 
abstraction ofH (say 1 °) reactivity of halogens is in order: 

.. 

.. 

F2 > Cl2 > Br2 > I2 

For a given halogen, abstraction of 1 °, 2° , 3°, hydrogen 
follows the order: 

30 > 20 > 1 0 

Bromine is less reactive than chlmine tmvards alkanes 
but bromine is more selective in the site of attack when it 
reacts. 
Nitration : Lower alkanes undergo vapour phase 
nitration under drastic conditions at 400-500°C to give 
nitroalk:anes. 

400°C 
CH4(gl + HN03 (g)- CH3N02 

Nitro methane 
Vapour phase nitration causes cleavage of C -C and C -H 
bond resulting in the fonnation of mixture of nitroalk:anes 
as a product. 

400'C CH
3 

- CH
3(gl + HN0

3(gJ -=--+ 

CH3 - CH2 - N02 + CH3 - N02 
Nitroethane Nitromethane 

Sulphonation : Replacement ofhydrogen atom bysulphonic 
acid group (-SOi{) is known as sulphonation. 

H2S,07 CH39HCH2CH2CH3 

CH3 

S03H 
I 

CH3 � 
T
' - CH2CHzCH3 

CH3 

The ease ofreplacement ofhydrogen atom is 3° > 2° > I 0 • 

Sulphonation also follows free radical mechanism. 
Reed's reaction or chlorosulphonation of alkanes : 
Alkanes undergo chlorosulphonation on treatment with 
a mixture of sulphur dioxide and chlorine in presence of 
ultraviolet light to form alkanes sulphonyl chlmides. 

UV light 
RH + SO + Cl ---"--+ RS02Cl + HCl 2 z 500c 


